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Abstract
OBJECTIVE: To study the chemical constituents of
Zhizi (Fructus Gardeniae) and their antiamnesic ef-
fect in a mouse model of Alzheimer's disease.
METHODS: Ameliorating effects of the extracts,
fractions and constituents on scopolamine-in-
duced memory impairment in vivo using a passive
avoidance task system and their inhibitory activi-
ties on acetylcholinesterase (AChE) in vitro were ex-
amined. The isolation of components was per-
formed by chromatographic techniques and their
structures were identified on the basis of spectral
analysis.
RESULTS: Activity-guided fractionation of the total
extracts resulted in the isolation of two glycosides,
geniposide and crocin from the n-butanol fraction
and genipin and crocetin from the ethylacetate
fraction. Among the fractions tested, n-butanol
fraction showed the strongest AChE inhibition
(43.4% at a final dose of 0.03 mg/mL) and also ex-
hibited outstanding efficacy (65.9% at a dose of
250 mg/kg) in an experimental model of amnesia.
Geniposide showed a 22.8% AChE inhibitory activi-
ty and a potent ameliorating effect on scopol-
amine-induced memory impairment in amnesic
mice of 93.4% as compared to the control group.
CONCLUSION: Geniposide, a main constituent of
gardenia should be considered a candidate for fur-
ther clinical study for the purpose of developing a
cognition activator and its mechanism of action
may be mediated, at least in part, by the acetylcho-
line enhancing cholinergic nervous system.
© 2013 JTCM. All rights reserved.
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INTRODUCTION
Zhizi (Fructus Gardeniae) has been used as a traditional
medicine in Korea, China and Japan for the treatment
of jaundice, fever, hypertension and ulcers of the skin.1
Zhizi (Fructus Gardeniae) has also been used as a yel-
low edible dye and has been reported to exhibit seda-
tive, analgesic, antipyretic, diuretic, and antiinflamma-
tory activities.2 Its constituents includes iridoid glyco-
sides and their aglycones, such as geniposide and genip-
in.3 Geniposide was found to be transformed into the
blue pigments by some aerobic bacteria, suggesting
that geniposide is the precursor for the formation of
pigments after converting into genipin by β-glucosi-
dase.4 Crocin and its aglycone, crocetin, are also impor-
tant components of this fruit. Although a variety of
pharmacological activities attributed to Zhizi (Fructus
Gardeniae) have been investigated, its efficacy in en-
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hancing cognitive performance in an animal model
and its activity against acetylcholinesterase (AChE),5 an
enzyme which degrades the neurotransmitter acetylcho-
line which is important in learning and memory pro-
cesses has not been thoroughly studied. Herbal drugs
in traditional medicine are utilized in order to improve
cognitive functions and alleviate symtoms associated
with Alzheimer's disease. A number of medicinal
plants have been found to possess memory enhancing
properties by virtue of their medicinal constituents. Ex-
amples include Shuicangpu (Rhizoma Acori Calami),
Dasuan (Bulbus Alli), Dangdui (Radix Angelicae Sinen-
sis), Baihuazhumucai (Herba Bacopae Monnieri), Jixue-
cao (Herba Centellae Asiaticae), Xihonghua (Stigma Cro-
ci Sativi), Huangsiyujin (Radix Curcumae longae), Yinx-
ingye (Folium Ginkgo), Guangguoancao (Radix Glycyr-
rhizae Glabrae), Qiancengta (Herba Huperizae Serra-
tae), Guanyelianqiao (Herba Hyperici Perforati), Korean
Red ginseng, Yancao (Herba seu Folium Nicotianae
Tabaci), Bimazi (Semen Ricini), Shuweicao (Herba Sal-
viae Japonicae), Hezi (Fructus Chebulae), and
Huangjingzi (Fructus Vitcis Heterophyllae) etc.6 In this
present study, we report the in vitro anti-AChE activity
and ameliorating effect of extracts and isolated constit-
uents of Zhizi (Fructus Gardeniae) on scopolamine-in-
duced memory impairment in a behavioral mouse
model using a computer-controlled passive avoidance
task system.
MATERIALS ANDMETHODS
Materials
Zhizi (Fructus Gardeniae) was purchased from a tradi-
tional medicine shop in Gyeongju, Republic of Korea.
All chemicals used for enzyme assay and animal testing
were obtained from Sigma-Aldrich (St. Louis, MO,
USA). All other chemicals and reagents were of the
highest grade available. The Gemini Avoidance System
(San Diago Instruments, San Diago, CA, USA) was
used for performance of the passive avoidance test. A
fluorescence microplate reader was supplied by Gemini
EM (Molecular Devices, Sunnyvale, CA, USA). 1H-
(500 MHz) and 13C-NMR (125 MHz) spectra were re-
corded using a Varian UNITY INOVA 500 spectro-
photometer (Varian Inc., Palo Alto, CA, USA). MS da-
ta was obtained using a JMS 700 mass spectrometer
(Jeol Ltd., Tokyo, Japan)
Animal study
Male, 8-week-old outbred ICR mice (a mean weight of
28.5 g) provided from DaeHan Bio Link (Chungbuk,
Republic of Korea) were housed in groups of seven un-
der standardized conditions [room temperature (21 ±
2)℃ , relative humidity of 50%-60%, 12 h alternating
cycle of light and dark]. This research was conducted in
accordance with Guide for the Care andUse of Laborato-
ryAnimals (NIHpublication 85-23, revised in 1985).
Extraction and isolation
Pulverized Zhizi (Fructus Gardeniae) (1 kg) were ex-
tracted with 80% methanol (2 L) and then concentrat-
ed in order to produce a brown oily extract (250 g),
which was then successively fractionated with methy-
lene chloride (0.2 L), ethylacetate (0.2 L) and n-buta-
nol (0.2 L), to yield the corresponding dried extracts of
13.5, 18.2 and 25.8 g, respectively. The active ethylace-
tate and n-butanol fractions were subjected to silica gel
column chromatography according to the known meth-
od7 in order to produce four compounds (Figure 1),
whose structures were identified by comparison of
their spectral data with those of verified compounds.7,8
Some of the chemical assignments necessitated review
using advanced instrumentations.
Geniposide: mp 159℃-161℃ ; UV λmax (MeOH)
200, 237 nm; 1H-NMR (CD3OD) δ: 2.12-2.14 (1H,
br dddd, H-6a), 2.73-2.76 (1H, br dd, H-9),
2.81-2.86 (1H, br dd, H-6b), 3.32 (1H, br s, H-5),
3.73 (3H, s, OMe), 4.20 (1H, d, J=15.0 Hz, H-10b),
4.33 (1H, d, J=15.0 Hz, H-10a), 4.82 (1H, s, H-1),
5.81 (1H, s, H-7), 7.52 (1H, s, H-3), 4.72 (1H, d, J=
8.0 Hz, glc 1), 3.18-3.89 (6H, m, glc 2-6); 13C-NMR
δ : 93.2 (C-1), 150.8 (C-3), 110.4 (C-4), 37.7 (C-5),
134.5 (C-6), 134.7 (C-7), 85.1 (C-8), 51.2 (C-9),
66.0 (C-10), 167.8 (C=O), 50.6 (OMe), 98.7 (C-1'),
73.5 (C-2'), 77.2 (C-3'), 70.4 (C-4'), 76.8 (C-5'), 61.6
(C-6'); Positive ESIMS m/z 411 [M+Na]+.
Crocin: mp 127℃-128℃ ; IR νmax 3165 (br), 1627
cm-1; UV λmax (MeOH) 209, 233 ,324, 432, 458
nm; 1H-NMR (DMSO-d6) δ : 1.97 (6H, s, H-9, 9'),
2.00 (6H, s, H-10, 10'), 6.28 (m, H-7, H-7'), 6.47
(2H, dd, J=14.9, 11.6 Hz, H-4, H-4'), 6.54 (2H, d, J=
14.9 Hz, H-5, H-5'), 6.63 (2H, m, H-8, H-8'), 7.46
(2H, br s, H-3, H-3'), 4.52 (1H, d, J=8.0 Hz, 1''),
3.30-4.27 (12H, m, glc 2''-6'', 2'''-6'''), 5.12 (1H, d,
J=7.0 Hz, 1''), 3.12-3.84 (6H, m, glc 2''-6'', 2'''-6'''),
13C-NMR δ : 167.6 (C-1, 1'), 97.5 (C-2, 2'), 144.8
(C-3, 3'), 96.4 (C-4, 4'), 152.3 (C-5, 5'), 126.2 (C-6,
6'), 111.6 (C-7, 7'), 99.3 (C-8, 8'), 38.7 (C-9, 9'),
35.1 (C-10, 10'), 96.4 (C-1''), 64.5 (C-2''), 72.0
(C-3''), 60.0 (C-4''), 77.4 (C-5''), 51.7 (C-6''), 102.3
(C-1'''), 70.7 (C-2'''), 74.0 (C-3'''), 61.7 (C-4'''), 77.9
(C-5'''), 46.6 (C-6''').
Genipin: mp 120℃-121℃ ; IR νmax 3112 (br), 1681
cm-1; UV λmax (MeOH) 202, 240 nm; 1H-NMR
(CD3OD) δ : 2.05 (1H, br dddd, H-6a), 2.51 (1H, br
dd, H-9), 2.81-2.86 (1H, br dd, H-6b), 3.33 (1H, br
s, H-5), 3.72 (1H, s, OMe), 4.22 (1H, d, J=15.0 Hz,
H-10b), 4.31 (1H, d, J=15.0 Hz, H-10a), 4.81 (1H, s,
H-1), 5.84 (1H, s, H-7), 7.53 (1H, s, H-3);
13C-NMR δ: 97.7 (C-1), 154.3 (C-3), 111.8 (C-4),
37.6 (C-5), 34.0 (C-6), 128.3 (C-7), 145.6 (C-8),
48.5 (C-9), 61.7 (C-10), 169.9 (C-11), 51.7 (OMe);
Positive ESIMS m/z 249 [M+Na]+.
Crocetin: mp 283℃-285℃ ; UV λmax (MeOH) 203,
288, 320, 398sh, 424, 449 nm; 1H-NMR (DMSO-d6)
δ: 1.92 (6H, s, H-9, 9'), 1.97 (6H, s, H-10, 10'), 6.49
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(2H, d, J=10.0 Hz, H-7, H-7'), 6.59-6.64 (2H, m,
H-4, H-4'), 6.75 (2H, d, J=10.0 Hz, H-5, H-5'), 6.83
(2H, d, J=10.0 Hz, H-8, H-8'), 7.21 (2H, d, J=10.0
Hz, H-3, H-3'); 13C-NMR δ: 168,6 (C-1, 1'), 127.5
(C-2, 2'), 138.7 (C-3, 3'), 124.6 (C-4, 4'), 144.0 (C-5,
5'), 136.0 (C-6, 6'), 135.6 (C-7, 7'), 132.3 (C-8, 8'),
13.5 (C-9, 9'), 13.2 (C-10, 10'); Positive ESIMS m/z
351 [M+ Na]+.
AChE activity assay
The AChE activity was evaluated using a modification
of Ellman's coupled enzyme assay method.9 A mixture
of each sample (fraction: 1.0 mg/mL; compound:
0.25 mg/mL), substrate (75 mM acetylthiocholine io-
dide) and Ellman's reagent (10 mM DTNB and 17.85
mM sodium bicarbonate in sodium phosphate buffer
solution, pH 7.0) was incubated for 4 min at 25℃ .
The enzyme solution (commercial AchE 10 unit/10
µL) was added to this mixture, which was further incu-
bated for 1 min at 25℃ . The difference in absorbance
at 412 nm between the sample and control were cal-
culated as an inhibition rate (%). Tacrine was used as
a positive control.
Passive avoidance task
A step-through passive inhibitory avoidance test was
conducted using a two-compartment box equipped
with a light/noise system and an electric grid floor in
each compartment. Prior to the training test, each test
articles (extract and fraction: 250 mg/kg, compound
and tacrine: 2.5 mg/kg) was administered per orem for
7-9 days. Scopolamine (1.0 mg/kg) was injected intra-
peritoneally 1 h after the final scheduled administra-
tion of the test article. After 30 min, the training test
was performed as follows. Each mouse was gently
placed in the light/noise compartment of the test box.
After 15 s, light and noise were applied until the
mouse fled into the neighboring grid floor compart-
ment. When the mouse moved to the neighboring
compartment, the guillotine door between both com-
partments was closed immediately and an electric
shock (3.0 mA, 3 s) was delivered to the grid floor.
Mice that did not enter the shock compartment in re-
sponse to the light/noise within 120 s were excluded
from the next experiment. A memory retention test
was performed 24 h after the training test using the
same conditions described above. Moving time from
compartment to compartment was recorded in order
to produce a step-through latency time, and measured
using 300 s as the maximum cut-off.
Statistical analysis
Data were expressed as mean±SE of the number of ex-
periments. Statistical analysis of difference was deter-
mined using Student's t-test or analysis of variance
(ANOVA), followed by a Neuman-Keuls multiple com-
parisons analysis (SysStat Software, Evanston, IL,
USA). P<0.05 was considered statistically significant as
compared to the control or scopolamine-treated group.
RESULTS
The methanol extracts and fractions derived from
Zhizi (Fructus Gardeniae) were evaluated for AChE ac-
tivity both in vitro and using cognitive behavioral ac-
tion in an animal model. Of the tested samples, the
n-butanol and ethylacetate fractions showed a remark-
able AChE activity inhibition (43.4% and 39.6%, re-
spectively at a final dose of 0.03 mg/mL) (Table 1).
Furthermore, the n-butanol fraction exhibited out-
standing efficacy (65.9% as compared to control at a
dose of 250 mg/kg) in an experimental model of amne-
sia using a passive avoidance task system (Figure 2).
Geniposide Crocin
Genipin Crocetin
Figure1 Chemical structures of the isolated constituents from Zhizi (Fructus Gardeniae)
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From the n-butanol fraction, we isolated the iridoid
glycoside, geniposide, and the carotenoid glycoside,
crocin. The ethylacetate fraction produced genipin and
crocetin, which are aglycones of compounds genipo-
side and crocin, respectively (Figure 1).
Geniposide and crocin showed better inhibition (P<
0.05) than the other compounds according to the re-
sults of the AChE activity assay (Table 1).
As presented in Figure 3, geniposide exerted a potent
memory improving effect (75.8 s of step-through laten-
cy time) on the test group as compared to the control
group (scopolamine-treated group, 39.2 s) (P<0.05), a
result which corresponds to 93.4% cognition enhanc-
ing ability.
On the other hand, crocin isolated from the same n-bu-
tanol fraction as geniposide produced practically no ac-
tivity, a result which indicates that the efficacy exhibit-
ed by administration of the n-butanol fraction (Figure
2) was due to the presence of geniposide. The effect of
geniposide was weaker than that of tacrine, a
well-known anti-amnesia compound used as a stan-
dard, at the identical dose of 2.5 mg/kg of animal body
weight.
DISCUSSION
To find any active constituents of Zhizi (Fructus Garde-
niae) and their antiamnesic effect in a mouse model of
Alzheimer's disease, we primarily examined the inhibi-
tory activities of MeOH extract, three fractions and
four constituents on the AChE activity in vitro. AChE
is an enzyme that degrades the neurotransmitter acetyl-
choline by hydrolysis, producing choline and acetate,
and it is mainly found in the cholinergic nervous sys-
tem, where its activity serves to terminate synaptic
transmission.10 Damage to the cholinergic (acetylcho-
line-producing) system in the brain has been shown to
have a plausible association with memory deficits asso-
ciated with Alzheimer's disease.11 Therefore, AChE is
the target of many Alzheimer's dementia drugs.
Investigation of the inhibitory effect on AChE activity
obviously implies that more polar compounds such as
geniposide and crocin possess greater activity, a finding
consistent with the observation that the polar n-buta-
nol and ethylacetate fractions revealed preferable prop-
erties.
Next, the cognitive behavioral action of MeOH extract
and three fractions was evaluated in an animal model
of scopolamine-induced memory impairment using a
passive avoidance task system. Scopolamine is a musca-
rinic antagonist which impairs learning acquisition and
short-term memory, and it is used as an amnesic agent
in the screening of anti-amnesia drugs.12
The result suggested that the n-butanol fraction con-
tained active constituents that ameliorate learning and
memory dificiency. Thus, compounds geniposide and
crocin isolated from n-butanol fraction were evaluated
for the first time in order to prove whether or not these
compounds could ameliorate memory dysfunction in-
duced by scopolamine, and measured using a passive
avoidance task, which was a fear-motivated test classi-
cally used with small laboratory animal, such as rats or
mice, for the assessment of short- and long-term mem-
ory. This test is useful for evaluating the effects of nov-
el chemical entities on learning and memory as well as
studying the mechanisms involved in cognition.13
The effect of geniposide was weaker than that of ta-
crine, a well-known anti-amnesia, however, owing to
its renal toxicity, tacrine is no longer used in clinical ap-
plications, but remains in use as a positive control for
laboratory learning and memory experiments. Recently
geniposide was reported to protect against lipopolysac-
charide-induced acute lung injury in mice.14 The psy-
Table 1 Inhibitory effect of the fractions and isolated com-
pounds on AChE activity
Fraction
MeOH
CH2Cl2
EtOAc
BuOH
Inhibition (%)a
12.25±0.88
14.99±1.10
39.65±0.81
43.36±0.25
Compound
geniposide
crocin
genipin
crocetin
Inhibition (%)b
22.77±9.81c
22.19±9.92c
18.18±5.78
11.21±9.24
Notes: AChE: acetylcholinesterase. aInhibition at a concent-
ration of 1.0 mg/mL; bInhibition at a concentration of 0.25 mg/
mL; cP<0.05. Data represent the mean±SE of three individual
experiments.
Figure 2 Effect of the total extract and each fractions on sco-
polamine-induced amnesia in mice after oral administration
(250 mg/kg) for 7 days
Data represent the mean±SE (n=7).
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Figure 3 Effect of 9 days of oral administration (10 mg/kg) of
geniposide and crocin on scopolamine-induced amnesia
symtoms in mice
Data represent the mean±SE (n=7).
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chopharmacological activities associated with the use
of gardenia extract and geniposide were reported to al-
leviate anxiety with greater efficacy in stressed animals
than normal animals. The use of geniposide did not
change open field activity, but it increased rearing activ-
ity in the central area and open arm entry.15
In conclusion, geniposide, a constituent of Zhizi (Fruc-
tus Gardeniae), exhibits an excellent memory enhanc-
ing effect in a computer-controlled passive avoidance
task system. Its mechanism of action may be mediated,
at least in part, by the acetylcholine enhancing cholin-
ergic nervous system. Therefore, geniposide should be
considered a candidate for further clinical study in or-
der to develop a cognition activator.
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